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7.

INnfroduction:
OvG6Is a black box
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i. Black Box |.

An idedl experiment detftects appearance of
two electrons:

L=0 = L=27
Observables?

) Sum energy = 0vss
i) # Events = Half-life

; i -7?) ... Others ... (?)
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Black Box Theorem

Schechter & Valle, PRD 1982
Takasugi, PLB 1984

If OvGo

IS observed

the neutrino is @

v Majorana particlel

= Qualitative statement only: Value of m, depends
on model
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SUSY Black Box

INn any supersymmetric gauge theory:
Hirsch et al., PLB 1997

If Ov 33 obbserved
the scalar neutrino
has a /. mass!

= 036 decay, Magjorana neutrinos and [
INn scalar sector inseparably connected.
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Lorentz-invariant Ov G5 decay
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Nlass mechanism

Standard model weak current at low energy:

Gr .,

S
L V= \/§]V A‘]\T/ A

with J{._, =y, Prd, jir_, = ey Pru

= Product of two L

+ Magjorana neutrino mass: Neutrino propagaftor:

d— = u
d* y+

" p f p m ]/5 L

e
v = V¢ _ d4p My

= P f (2m)% p2—m?2
e

wW ~J m,/
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Lorentz-invariant Lagrangian

Consider all possible currents (V, A, S, P, T):

J = a0.d
Jja = €eOyv
jzhort _ éoaec

Define operators O, g with definite helicity:

Ov_a="Fy, Ovia =~"Ppr

Os_p=FPr Osip=Fp

(4 (4

OTL — 5[7M77V]PL OTR — 5[

Yy, Vo] PR
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Lorentz-invariant Lagrangian

Write down most general L:
[ — ESM 4 ﬁlong 4+ Eshort

Standard model:

LSM _ GF - 4

¥l
\/§]V—A V—Au

Long-range part:

with:
Gr | P
£long _ Z ngﬁe]l Jo = uOad,
\/§ jg = é@gl/
]Ehort — éOBGC

Short-range part:

Lshort F Z aﬁfy]shortJTJT
o, B
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Lorentz-invariant Lagrangian

Graphically:
(a) (b)
d d u
W e .\e
— Vv + v
e e
d w u d b u

&
L e

Neutrino propagator;

= Neglect terms proportional €
PL [ 58 B Py

= For limits, consider only helicity e
enhanced ferms, i.e. ~ = Pr | Gt promz
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Limits: T} 5("°Ge) > 1.2 - 10 ys

H. Pas et al., PLB 1999 and 2001:

Long range part: Short range part:
ey tq | 431079 | | S/PS/PSIP 141077
eyt | 791077 | | DTS/P 2.5-107°
egjg 1.1-10"8 VEAVEAS/P | 5 108
€otp [ 1.1-1078 | | VEAVFAS/P 1 14,1078
et 16.4-10710 | | /ATVA 2.5-1078
et 11.7-107° eVIASIEVIA - 95,1077

= Limits are “on-axis”, i.e. one € non-zero
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L11.

Limifs on
physics beyond the SM
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ﬁ Left-right symmetric models

Translation table:

Pas et al. DKT limit

ey () |~ >; UejVej tan 4.3-107°
€V (A |~ >0, U Vey(mw, /mw)® | 7.9-1077
eV EAVTFASIP () | ~ 30, VE /mn (my, /my,)? | 141078

* Notation of Hirsch et al., PLB 1996

Note:
= (n) and (\) are long-range
= (&) Is short-range
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i Limit on myy, from 0v 303

2. ' ' ' ' ' ' 7 Mohapatra, PRD 1986
Hirsch et al., PLB 1996

Note: Width of
band indicates
NME uncertainty

Log(mw,) [TeV]

of ~ 2

0.1

0.1 0.2 05 1 2 5 10. 20.

Log((mx)) [TeV]

(mw)
1TeV

© = mw, 2 13( ])1/4 TeV
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Leptoquarks

LQs are hypothetical

w
<
=
- - —— -

d > = SAVE particles, coupling to
_ > u a quark-lepton pair
V=V € B
- o o LQs can be scalars (S)
_ > © or vectors (V)
w W
d u d > > u LQs can violate L
(in LQ-Higgs interaction)
if conserve B
e — C €S — € —
— (" Pre®)
(R) (R) (L) (L)
Qg oy, 3 Qg oy, 3
X + (@yuPrd) — V2 ( + ) (U’YMPLCZ)] ;
[( Mg My ) Mg My
= ¢ and « products of LQ couplings times mixing angle
2
= Example: a7, <2.5-10710 (gl ) Hirsch et al. PRD 1996
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Long-range RPV SUSY

> e
V=V e _ Babu & Mohapatrag,
Y PRL 1995
== € - e
- Pdas et al., PLB 1999
W W
d u d = = u

= T("°Ge) > 1.2-10% ys
= Including fensor matrix element:

3
>\/113>‘/131 < 3.8 10_8(%8%@(/)
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Short-range R

PV SUSY

Only one example:

> )
TR ~ 1/mg

= U,

X’g Nl/mgvx

= u,

o4~ 1/m?

d )/ e
— /‘lll> L

Mohapatra, PRD 1986
Vergados, PLB 1987
Hirsch et al., PRL 1995

Amplifude

~ 2 RPV verfices,
pouft limit

very stringent

From gluino graph:

Mgy )1/2

1 <3 x 107 (1OOGeV)2(1OOGeV
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IAZ

m,) Or BSM?
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Angular correlation

Calculate differential width: For LR-models:
Doi, Kotani & Takasugi, 1985

dl’ For general LI Lagrangian:
—— ~ (1 = Kcosf) Al Borisov & Zhuridov, 2007
d cos 6

= Advantage: K depends strongly on mechanism, but weakly on nuclear maftrix
elements (i.e. weakly on isotope)

= Disadvantage: Many terms in general Lagrangian lead fo same (or very
similar) angular dependence

= Disadvantage: Most experiments calorimetric measurements only, exception:
NEMO-II
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Double beta plus decays

In 3T 3T three principle decay modes: For LR-models:
Hirsch et al., Z. Phys. A 1994

OvBT3T: (Z,N) = (Z —2,N) + 2e™
OovBT/EC: (Z,N)+e™ = (Z—-2,N)+et For general LI Lagrangian:
OvEC/EC: (Z,N)+2e~ = (Z—-2,N)* no publication exists

Numerical example: 124 X e using pn-QRPA

Mode: Cmm C)\)\ CAA/Cmm
ovgtpt | 87-10717 | 85.10718 0.098
Oovpt /EC | 1.6-1071% | 2.2.10714 13.75

= Advantage: Rafios (nearly) independent from nuclear matrix elements
uncertainty

= Disadvantage: Only (\) enhanced

= Disadvantage: Even best isofopes (af least) one order of magnitude slower
than best 6= 3~
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Others?

= Compare rates ground stafte to 2+

- Doi, Kotani & Takasugi, 1985: YES
- Tomoda, PLB 2000: NO for (n), maybe for (\)
- Disadvantage: several o.m. slower than g.s. fransitions

= Compare rates ground state to 0

- Simkovic & FaBler, Prog. Part. Nucl. Phys, 2002
- Disadvantage: (a) (about) 2 o.m. slower than g.s. fransitions
- Disadvantage: (b) need to know matrix elements: AM <« 40%

= Compare rates, different nuclei

- P&s & Deppisch, PRL 2007; Gehman & Elliott, J. Phys. G 2007
- Disadvantage: need to know matrix elements: AM < x,

x differs for different particle physics, but is

x = (10 — 25)%, depending on number of isotopes
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ﬁ From accelerators?

In trilinear RPV SUSY, limit from "°Ge excludes:

10°

(Ni11)

2107 -
;J C

1072

107
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From accelerators?

In trilinear RPV SUSY, limit from "°Ge excludes:

ER 55 S No SUSY @ LHC?
2107 - - - RPV 0v35 decay
— s 3
02 = = ~ (nearly) excluded
< «@Gg %;
10—3 | = \Q'% B
é@%é - ’
0t S
10_5 : : Lo ‘ Ll
101 102 103

Log(msysy) |GeV]

= Disadvantage: Only RPV SUSY?
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* Conclusions

= All models with lepton numlber violation
conftribute to Ov35 decay

= Discovery of Ov35 decay = Majorana neutrinos

= |F Ov 33 decay is discovered:
Which is The dominant mechanism?
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